Background: A variety of different types of exercise are promoted to improve muscle strength and physical performance in older people. Objective: We aimed to determine the relative effects of resistance training, endurance training and whole-body vibration on lean body mass, muscle strength and physical performance in older people. Design: A systematic review and network meta-analysis. Subjects: Adults aged 60 and over. Methods: Evidence from randomised controlled trials of resistance training, endurance training and whole-body vibration were combined. The effects of exercise interventions on lean body mass, muscle strength and physical performance were evaluated by conducting a network meta-analysis to compare multiple interventions and usual care. Risk of bias of included studies was assessed using the Cochrane Collaboration's tool. A meta-regression was performed to assess potential effect modifiers. Results: Data were obtained from 30 trials involving 1,405 participants (age range: 60-92 years). No significant differences were found between the effects of exercise or usual care on lean body mass. Resistance training (minimum 6 weeks duration) achieved greater muscle strength improvement than did usual care (12.8 kg; 95% confidence interval [CI]: 8.5-17.0 kg). Resistance training and whole-body vibration were associated with greater physical performance improvement compared with usual care (2.6 times greater [95% CI: 1.3-3.9] and 2.1 times greater [95% CI: 0.5-3.7], respectively). Conclusions: Resistance training is the most effect intervention to improve muscle strength and physical performance in older people. Our findings also suggest that whole-body vibration is beneficial for physical performance. However, none of the three exercise interventions examined had a significant effect on lean body mass.
Introduction
Exercise interventions represent a key approach to preventing and treating muscle weakness and improving physical function in older people [1, 2] . Some studies have investigated the impact of different types of exercise interventions, including resistance training, endurance training and whole-body vibration. For older participants, recent evidence from systematic reviews and meta-analyses show that resistance training and whole-body vibration are beneficial for increasing muscle strength and physical performance [3] [4] [5] . Two meta-analyses showed the effectiveness of resistance training for improving lean body mass [6, 7] , and a review by Konopka et al. [8] indicated that skeletal muscle hypertrophies after endurance training. However, the comparative effectiveness of different exercise interventions is uncertain.
Network meta-analysis combines direct and indirect comparisons of different interventions to compare the relative effectiveness of pairs of interventions, even if these interventions have never been compared directly in randomised trials, and it allows interventions to be ranked [9] . In this systematic review and network meta-analysis, we analyse the differences between the effects of exercise interventions on lean body mass, muscle strength and physical performance in older people.
Methods

Search strategy
We restricted the search to randomised controlled trials conducted using adults aged 60 years or older. Trials were selected if they compared usual care with each intervention group and reported outcomes of lean body mass, strength or physical performance. We searched the databases in MEDLINE, EMBASE, Cochrane Central Register of Controlled Trials (CENTRAL), the Physiotherapy Evidence Database (PEDro), using the following keywords: sarcopenia, physical activity, muscle atrophy, resistance training, endurance training, wholebody vibration, lean body mass, body composition, body fat distribution and muscle strength, physical performance or other related terms. We conducted a literature search to identify relevant studies published from 1989 to 15 February 2016. We used 1989 because this was when the term 'sarcopenia' was first proposed by Irwin Rosenberg [10] . Complete details of the electronic search strategy and protocol are reported in Supplementary Table S1 , Supplementary Material S1 are available in Age and Ageing online and on the departmental website (http://ah.ntu.edu.tw/web/Teacher!one.action? tid = 545#researcher-tab-2).
Selection of sample studies
Our systematic review and meta-analysis adhered to the Preferred Reporting Items for Systematic Reviews and Metaanalyses guidelines, and used a predetermined protocol. To ensure adequate quality, the included studies had to have been designed as randomised control trials involving a comparison between the effects of interventions of resistance training, endurance training and/or whole-body vibration and a usual care control group in older people (average age ≥60 years). In addition, the inclusion criteria included at least one of the three following data results: muscle mass, muscle strength and physical performance; specifically lean body mass, leg extension strength and the chair-stand test, respectively. The exercise intervention protocols were classified in accordance with the American College of Sports Medicine recommendations for older adults [11] . In the usual care control group, trials incorporating a placebo-based intervention were also included (education, stretching, etc.).
Data extraction and bias assessment
Muscle mass was categorised as the primary outcome, and muscle strength and physical performance as secondary outcomes. The primary outcome, measured as the change in lean body mass, can be assessed using imaging techniques (computed tomography, magnetic resonance imaging and dual-energy X-ray absorptiometry), bio-impedance analysis, and anthropometric measurements. The secondary outcomes were evaluated based on leg extension strength (for muscle strength) [12] and the chair-stand test (for physical performance) [13] . Maximal concentric leg extension strength was assessed using the one-repetition maximum test (1RM), and the chair-stand test was used to evaluate muscular strength and endurance of the legs.
Publication bias was assessed using funnel plots and Egger's test of effect size (mean difference) against its standard error. The risk of potential bias was assessed using Cochrane Collaboration's tool; studies were then classified as low risk, high risk or unclear. This study was not funded or sponsored by any special-interest groups.
Data synthesis and analysis
Primary and secondary outcomes are presented as mean change from baseline in lean body mass (kg), leg extension strength (kg) and chair-stand performance (frequency), respectively. All outcomes are continuous variables. Due to different sample sizes and differences in the ways in which studies were conducted, we used a random effects model to conduct pairwise meta-analysis comparisons between trials with the same interventions (i.e. resistance training versus usual care, resistance training versus endurance training, endurance training versus whole-body vibration, etc.). We estimated the relative treatment effects of each of the paired competing interventions using weighted mean differences between outcomes (lean body mass, leg extension strength and chair-stand test) and the mean difference with 95% confidence intervals (CI). Change in standard deviation (SD) was calculated using the formula: [14, 15] Change in standard deviation SD ð Þ ¼ ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi ffi SD pre 2 þ SD 2 post − 2 × Corrðpre; postÞ × SD pre × SD post q SD pre is the SD before the intervention, SD post is the SD after the intervention, and Corr (pre,post) is within-participant correlation. The within-participant correlation was set as 0.5 if the correlation was not reported. A two-tailed test was used for all comparisons and a P-value of less than 0.05 was considered statistically significant. The heterogeneity was estimated using restricted maximum likelihood. The data were analysed using Stata v. 14 (StataCorp, TX, USA).
We conducted a mixed treatment comparison using generalised linear mixed models for our network meta-analysis to analyse the direct and indirect comparisons of different exercise interventions. We performed the network metaanalysis in Stata using the mvmeta command and selfprogrammed Stata [16] . The between-study variance was estimated using the restricted maximum likelihood and DerSimonian-Laird methods [17] . We also conducted network meta-regression to evaluate the impact of baseline study characteristics on the difference in treatment effects.
For each outcome, we calculated the relative ranking probabilities for the four exercise interventions. The surface under the cumulative ranking curve (SUCRA) is the percentage of the mean rank of each intervention relative to an imaginary intervention that is the best without uncertainty. The larger the area under the curve, the better the exercise intervention ranking [18] .
Inconsistency refers to differences between direct and indirect evidence in the network [19] . To evaluate inconsistency within the network, we used the loop-specific approach; for local inconsistency, we used the node-splitting method, and for global inconsistency, the design-by-treatment model.
Results
Of the 232 publications identified in the initial search, 83 were deemed potentially relevant based on an abstract or full text review. Of these, 30 fulfilled the inclusion criteria of the study and were thus eligible for inclusion. Figure 1 shows the reasons for exclusion. Nine of the evaluated studies examined lean body mass, 21 focused on leg extension strength and eight included the chair-stand test. Figure 2 displays the geometric distribution of the included studies and the strength and diversity of the networks relating to lean body mass, leg extension strength and the chair-stand test. We combined the direct and indirect evidence for multiple treatment comparisons. For example, while resistance training and whole-body vibration have not been compared directly, we obtained indirect evidence by comparing the effect size of the direct evidence relating to 'resistance training and usual care' with that of 'usual care and whole-body vibration'.
Supplementary Tables S2-S4 , available in Age and Ageing online show the characteristics of the 30 randomised control trials that met the inclusion criteria. All studies involved at least two of the four possible comparisons. The studies recruited 1,405 participants, of whom 58.5% were female, although four studies did not provide detailed information regarding sex. Average participant age ranged from 60 to 92 years. While participants from 22 of the studies were healthy, those from the remaining eight studies had underlying medical conditions (e.g. type 2 diabetes, coronary artery disease, frailty or lower extremity weakness) or were hospitalised for other reasons. The duration of exercise intervention in the 30 studies ranged from 6 to 48 weeks. Follow-up measures were arranged following intervention ceasing in most of studies. The difference between pre-test and post-test was used if participants were measured more than once [20] [21] [22] . 
Muscle mass: lean body mass
Nine of the 30 studies included in this review investigated patients' lean body mass ( Figure 2) ; one of these was a threearmed trial. No significant differences were found between the observed effects of the exercise interventions on lean body mass (Table 1) . Resistance training was associated with a 0.8kg larger increase in lean body mass than whole-body vibration (95% CI: −3.4 to 5.1; Table 1 ). The difference between resistance training and usual care (mean 0.5 kg; 95% CI: −0.1 to 1.1) was slightly less than that between endurance training and whole-body vibration (mean 0.6 kg; 95% CI: −3.6 to 4.9). Whole-body vibration was not associated with any significant increase in lean body mass compared to usual care (mean −0.3 kg; 95% CI: −4.5 to 3.9). In terms of improving lean body mass, there was a 46.9% probability that resistance training ranked first, a 45.6% probability that endurance training ranked second, a 52.1% probability that usual care ranked third and a 55.5% probability that whole-body vibration ranked fourth (Supplementary Figure S1A , available in Age and Ageing online).
Muscle strength: leg extension strength
Twenty-one of the 30 studies, 2 of which were multi-armed trials, examined leg extension strength (Figure 2 ). However, no significant differences were found between the observed effects of the different interventions on leg extension strength (Table 1) . Compared with usual care, leg extension strength increased significantly with resistance training, with a mean difference of 12.8 kg (95% CI: 8.5 to 17.0). No statistically significant differences exist in the other pairwise comparisons. Resistance training was ranked first according to the estimated SUCRA values and endurance training was found to be more effective at increasing leg extension strength than usual care and whole-body vibration (Supplementary Figure S1B , available in Age and Ageing online).
Physical performance: chair-stand test
This analysis included eight studies that examined outcomes of the chair-stand test (Figure 2) . The findings showed that the chair-stand test results improved significantly with resistance training and whole-body vibration compared to usual care, with a mean difference of 2.6 times (95% CI: 1.3 to 3.9) and 2.1 times (95% CI: 0.5 to 3.7), respectively (Table 1) . Resistance training was ranked as the most effective exercise intervention with respect to physical performance, and whole-body vibration was ranked second (Supplementary Figure S1C , available in Age and Ageing online).
Risk of bias and publication bias
The overall risk of bias across domains was judged to be low or unclear. Supplementary Figure S2 , available in Age and Ageing online shows the risk of bias graph and summary. Because the proposed interventions are exercise, it was not possible to blind all participants, all studies were assessed as high risk of bias in blinding participants and personnel, except Bautmans' study [23] in which participants in the usual care group stood on an identical wholebody vibrator to the intervention group but with the vibration switched off.
The Begg's funnel plots (Supplementary Figure S3 , available in Age and Ageing online) for lean body mass and the chair-stand test displayed considerable symmetry, suggesting that no significant publication bias exists. However, the funnel plots for leg extension strength displayed asymmetry among 21 trials.
In the Egger's regression plots (Supplementary Figure S4 , available in Age and Ageing online), the more the intercept deviates from zero, the more pronounced the asymmetry. Thus, if the P-value of the intercept is smaller than 0.05, the asymmetry is considered to be statistically significant. The coefficients of bias for lean body mass and the chair-stand test were −0.3 (95% CI: −0.8 to 0.2; P = 0.3) and −0.5 (95% CI: −5.3 to 4.3; P = 0.9), respectively, suggesting that no significant asymmetry was evident. However, the Egger's test showed that small-study effects existed in the studies reporting on muscle strength (coefficient of bias: −1.8; 95% CI: −3.4 to −0.3; P < 0.05).
To assess local inconsistencies, we used the loop-specific approach and the node-splitting method; however, no Table 1 . Network meta-analysis of pairwise comparisons: mean change from baseline in lean body mass, muscle strength and physical performance. inconsistencies were found between the evidence derived from direct and indirect comparisons. To assess global inconsistencies, we used the design-by-treatment inconsistency model, which also did not reveal any significant differences in the relative effects.
Network meta-regression
Using meta-regression (Supplementary Table S8 , available in Age and Ageing online), we assessed the potential effect modifiers of sex, health status, accommodation type and intervention duration. The studies focusing on men showed a greater improvement (P = 0.007) in muscle strength between resistance training and usual care than those including both sexes; whereas, studies that included all women showed a smaller improvement (P = 0.074). We observed that healthy older people showed a greater improvement (P = 0.019) in physical performance between resistance training and usual care than those who were unhealthy. The meta-regression analysis found no evidence that lean body mass, muscle strength and physical performance were affected by accommodation type and intervention duration.
Discussion
This systematic review and network meta-analysis provide evidence of an overall benefit of resistance training on muscle strength and physical performance in older people. Our study findings also suggest that whole-body vibration has a small beneficial effect on physical performance. However, none of the three exercise interventions examined had a significant effect on lean body mass.
Our network meta-analysis indicated that resistance training facilitated greater improvements in muscle strength than other interventions. The change in muscular performance is secondary not only to myofibril protein synthesis but also neurohormonal changes, e.g. innervation, muscle fibre and motor unit recruitment. Resistance training inhibits myostatin production, which inhibits myoblast proliferation and differentiation in developing muscles [24] . While sufficiently long resistance training duration has a greater effect on strength gains [3] , our pooled effect showed no significant interaction between training duration and muscle strength in network meta-regression.
Two previous meta-analyses have assessed the effectiveness of resistance training in nonelderly participants [6, 7] , and one study has examined the effects of such training on lean body mass in older people [6] . The latter study, which included 49 randomised and non-randomised controlled trials and 81 cohorts, revealed that 20.5 weeks of resistance training was associated with a significant increase in lean body mass of 1.1 kg. However, the average age in our study (64.8-91.9 years) was much greater than that in Peterson's study (65.5 ± 7 years). This difference suggests that the effects of exercise in older people might be attenuated with increasing age, although we found no statistically significant results to support this suggestion. The pooled data from the four studies included in the meta-analysis by Osawa and Oguma [4] showed significant increases in muscle strength in the wholebody vibration group. However, our network meta-analysis showed limited changes in muscle strength following wholebody vibration when compared with other interventions.
The present study found significant improvement in physical performance as a result of resistance training. This finding is consistent with data from another study of 6,700 participants, who received progressive resistance training and were assessed according to physical functionality in 121 trials. The authors observed a significant effect in chair-rise time [25] . However, a meta-analysis by Tschopp [26] , which comprised 11 trials with 377 older participants, found a small advantage over strength training for various functional outcomes (short physical performance battery, chair-stand test, five-time chairrise and box stepping). The difference between our study and the earlier one was that we applied the chair-stand test as a functional test.
A possible reason why muscle strength, but not lean body mass, improved in the resistance training group is that the participants' fibre tissue increased or their synchronisation of contractions improved, rather than an increase in lean muscle mass [27] . Mechanisms of resistance training appear to improve muscle strength without necessarily increasing muscle mass [28] . Our finding is supported by a cross-sectional study that examined changes in lean mass and strength in 1,880 older participants over three years. This study found no significant correlation between lean mass and muscle strength without exercise interventions [29] .
Studies that included men and healthy participants showed significant improvements in muscle strength and physical performance between resistance training and usual care, respectively, when added to the regression model. Bamman et al. [30] also observed differences in increases of muscle strength between the sexes; older men exhibited superior myofiber hypertrophy and strength gain compared with older women after knee extensor training. Our study supported that physical performance is not merely explained by sex differences and that other factors, such as neurological function and disease-related factors, should be taken into account. In line with previous observations measured by sit-to-stand time, participants' functional capacity increased after resistance training, with no significant differences between older men and women [31] .
Our findings are most applicable to older people who consider exercise a method to delay the rate of sarcopenia. According to our research study, resistance training is effective for improving muscle strength and physical performance in older people, especially in men and healthy adults. Following our review of the existing scientific evidence on the benefits of resistance training, a typical exercise prescription is 1-3 sets of 6-15 repetitions performed 1-3 nonconsecutive days each week using the major muscles with low to moderate intensity, at least 6 weeks of training. The gain in muscle strength achieved by resistance training is 12.8 kg. However, collective clinical experience suggests that if older people cannot keep completely control their body while training (e.g. dementia), resistance training may cause injury. In addition, while whole-body vibration may give small improvements in physical performance in older people, there are some practical considerations. Standing on the vibration system is most effective and easier for older people who are unable to follow instructions and thus find it difficult to perhaps complete other forms of exercises. Nevertheless, the price of a vibration machine may be prohibitive for some people.
The strengths of this study were as follows. It used a network meta-analysis approach to compare the relative efficacy of exercise interventions in older people. Second, our network meta-analysis included only randomised controlled trials. Randomisation decreases selection bias and minimises confounding factors. Finally, the results of this study have good applicability to the general population and to clinical populations as the studies included not only the healthy older population, but also older people with underlying medical conditions.
The limitations of our study include the wide variability in training protocols and the non-uniform outcome measurements across the studies examined. The lack of blinding is the main factor affecting risk of bias. However, randomised controlled trials for exercise training are more difficult to blind than randomised controlled trials for medications, which ensure that subjects and investigators are blind to intervention assignments. Unmasked participants are more likely to alter their behaviour and drop out from the trial if they know their assignment in advance. Non-blinded assessors with knowledge of the participant's group assignment might be biased in their baseline and outcome assessments. Trials in which outcome assessors were blinded strengthened their objectivity.
Conclusion
Using a network meta-analysis, we suggest that resistance training should be the first exercise recommended to older populations, for improving muscle strength and physical performance.
Key Points
• This systematic review and meta-analysis combined the evidence from randomised controlled trials of resistance training, endurance training and whole-body vibration exercise in older people, examining the comparative effects of these different approaches.
• Resistance training of a minimum 6 weeks duration was the most effective intervention, achieving substantial increases in muscle strength and moderate improvement in physical performance compared to usual care.
• Whole-body vibration appeared to have a small beneficial effect on physical performance.
• None of the interventions (resistance training, endurance training or whole-body vibration) had any significant effect on lean body mass.
